Poly(ε-caprolactone) MgAl -layered double hydroxides (MgAl-LDH) nanocomposites were prepared by melt intercalation. Two organically modified MgAl-LDH, stearic acid (stearate) and sodium dodecyl sulphate (SDS), were used. Nanocomposites morphology was studied by XRD and TEM. Thermal properties were analysed by TG and DSC. Although both systems showed presence of a mixed morphology, exfoliated and intercalated, MgAl-LDH stearate nanocomposites showed a better dispersion of inorganic platelets. TEM images showed the presence of individual platelets in the PCL matrix. MgAl-LDH SDS nanocomposites 1.
Introduction
Poly(ε-caprolactone) (PCL) is a biodegradable polymer with potential applications in the field of bioengineering and packaging. It features a melting range of 59 -64 °C and a low glass transition temperature (≈-60°C). The low melting point complicates processing and its poor mechanical properties have hampered widespread use (Jimenez et al 1997; Penha et al 2006; Woodruff and Hutmacher, 2010) . The addition of small amounts of benign inorganic fillers is may lead to an improvement of some of these characteristics (Jimenez et al 1997) .
Layered double hydroxides (LDH) have been used in this regard.
Property improvement by LDH or by other nanofillers is intrinsically dependent on the compatibility of the filler with parent polymer. The compatibility will impact directly in terms of the degree of exfoliation that can be achieved and therefore it will influence the property improvement. A better compatibility can be achieved by intercalation of suitable organic molecules into the clay layers.
Organoclay dispersion is generally achieved in three different ways: (1) direct intercalation, where the polymer is directly intercalated in the clay matrix; (2) in situ polymerization, where monomers are imbibed into clay structure prior to polymerization; (3) and coprecipitation, which involves simultaneous formation of clay layers and intercalation (Pinnavaia and Beall, 2001) . Nanocomposites are generally characterized by XRD and TEM. A complete exfoliation may result in the disappearance of the basal reflections. It is important to note, however, that other changes can result in basal reflections disappearing. TEM provides direct information on the morphology of the nanocomposites but the representativeness of the sample can be questioned (Wagener and Reisinger, 2003) .
Direct intercalation by melt processing is the most environmentally and commercially advantageous processing technique for nanocomposites (Vaia et al, 1993; Vaia and Gianelis, 1997) . However Nhlapo et al (2007) reported a phase transition above 85°C and complete melting above 120°C in LDH-stearate. This makes the material unfit for melt processing with conventional thermoplastics that require higher processing temperatures. This investigation was aimed to study the intercalation of LDH-stearate in the low melting poly(ε-caprolactone) polymer. The hope of this investigation was a clearer picture of propensity of LDH-stearate to exfoliation.
Experimental

Materials
Poly(ε-caprolactone) (PCL 6500), with 50 000 average molecular mass, was supplied by Solvay Interox Ltd (UK). Two nanofillers were used. Layered double hydroxide modified with stearic acid (LDH-Stearate) and with sodium dodecyl sulphate (LDH-SDS). The LDH is a commercial product from Chamotte Holdings South Africa with composition corresponding to 1,21:1 (Mg:Al) in mol basis. Modification was conducted as reported by Nhlapo et al. (2007) .
Compounding and Injection Moulding
The organoclay and polymer were dried overnight in a vacuum oven at 60°C. The dried mixture was compounded in a Brabender Plasticorder (Duisburg EHT 50, German) for 6 min at 120 rpm speed. Compounded samples were injection moulded in a DACA Microinjector (USA) at 90°C.
Characterization
X-ray diffraction analyses were conducted in a XRD 3003 θ/θ (Seifert-FPM Freiberg/Sa.)
instrument, over the range of 2θ = 0.5 to 30° in symmetric reflection, long secondary Soller collimator. Cu-Kα radiation (monochromatization by a primary multilayer system) was used at 40 kV and 30 mA. The step-scan mode was 10 s per point.
For scanning electron microscopy a Leo 435 VP instrument from Carl Zeiss SMT was used.
The sample was dispersed on a carbon tape in a sample holder. The sample was coated with approximately 15 nm platinum using a sputtercoater (SCD 500 from Baltec). Optical microscopy pictures were taken in an Olympus (type BH-2) equipped with camera Olympus In fact medium magnification TEM images showed the presence of a higher density of tactoids in LDH SDS composites compared to LDH stearate (Fig. 3) . However individually dispersed particles (highlighted) are present in polymer matrix of both nanocomposites.
Here one can see that a mixed morphology was achieved. The LDH platelets are present in the form of individual particles as well as tactoids. A higher magnification image shows that some LDH stearate crystals in nanocomposites are present as few groups of crystals are assembled as piles with different arrangements (Fig.   4a ). LDH platelets in LDH SDS nanocomposites are present as tactoids, indicating a lesser extent of exfoliation/intercalation in this system. These tactoids are sparsely dispersed in the polymer matrix (Fig. 4b) . These particles will show a limited symmetry resulting in the disappearance of higher order reflections on the XRD diffractogram as was observed by Thermal degradation temperature of PCL composites is lower compared to the neat polymer. One of the explanations for such behaviour could be the degradation promoted by OH groups present in LDH structure. This was also observed Du et al (2006) in poly(propylene carbonate). Peng et al (2010) attributed such behaviour to the earlier decomposition of LDH comparated to the parent polymer. This was also observed by Nhlapo et al (2008) . DTG curves (Fig. 6C and 6d) show that PCL degradation occurs in multiple steps. expected since LDH layers acts as nucleating agents as was observed for other clays. The behaviour for LDH higher loads can be understood by the explanation offered by Di et al (2003) . The presence of organic surfactant in LDH galleries leads to interactions with PCL molecules. This effect increases with increasing LDH Concentration (Di et al 2003) . 
Conclusions
PCL LDH stearate and LDH SDS nanocomposites were prepared via melt intercalation.
Nanocomposites morphology was studied by XRD and TEM while thermal properties were studied by TG and DSC. FTIR studies indicated the presence of LDH in PCL matrix. XRD and 4.
